World-wide grown and consumed tomato (Solanum lycopersicum) crop used as model system for new cultivar and fruit development. Genetic and genomic research of Indian tomato cultivars will provide an insight to develop new breeding strategies and crop improvement. The present study, aimed to identify the high quality common and unique single nucleotide polymorphisms (SNPs), present in 9 different Indian tomato cultivars using double digestion restriction associated DNA sequencing (ddRAD-seq). Total of 36,847,092 raw reads (3.68 GB) were generated for all samples and 3,329,625 of high-quality reads were aligned uniquely to the reference tomato genome. Using stringent filtering, a total of 1,165
Introduction
Tomato (Solanum lycopersicum) is a highly consumed vegetable across the world; originated from South and Central America and spread to the rest of the world with accompanying morphological diversification. India is the second largest producer of tomato after China.
Notably, the fruit colours, sizes, shapes, tastes and flavours of various cultivars are being associated with local environments and gastronomies (Nag 2017 , Khan 2017 . Among the Indian states, Andhra Pradesh holds the top position in terms of production of tomato Genome sequencing of 84 tomato accessions which includes wild species of S. lycopersicon, S. arcanum, S. eriopersicon and S. neolycopersicon have been conducted under 100 Tomato genome projects. Recently,150 tomato genome re-sequencing project was established and started to explore in-depth genetic variation available in tomato (Sato 2016 , Aflitos 2014 , Causse 2013 , Lin 2014 . These attempts were aimed to categories genome-wide Single Nucleotide Polymorphisms (SNPs) within S. lycopersicum along with shared polymorphisms among closely related species (Shirasawa 2013) . Additionally, numerous interspecific genetic linkage maps have been constructed between well-known cultivars of tomato and were used to identify the responsible genes for interspecific and intraspecific phenotypic variations (Tanksley 2009 , Lin 2014 .
High throughput sequencing and genotyping methods have been playing a crucial role in the progress of genomics and genetics. Rapid progress in next-generation sequencing (NGS) technologies have made it easy generate a large number of SNPs in both model, non-model crop and vegetable plant species (Cloutier 2016 , Davey 2011 . Congruently, double digest restriction site-associated DNA sequencing (ddRAD-Seq) technology has recently become more popular technique due to its flexibility, low cost, and advantage over genotyping by sequencing (GBS) and restriction site-associated DNA sequencing (RAD-Seq) (Peterson 2012 , Elshire 2011 , Baird 2008 . In ddRAD-Seq two restriction enzymes are employed for digestion of genomic DNA which reduces the time and cost to prepare the sequence libraries, allows paired-end sequencing (Peterson 2012) . In present study, ddRAD-Seq was performed for 9 well known tomato cultivars such as Arka Abha (BWR-1), Arka Ahuti (Sel-11), Arka Alok, Arka Ashish, Arka Saurabh, Arka Meghali, Arka Vikas (Sel-22), Arka Vikas-vir and PKM1 to annotate and investigate the unique variants across aforementioned lines to identify individual markers. Subsequently, the effects of these variants on different gene function were also investigated and explored for marker assist selection and breeding of the tomato cultivars.
Experimental Protocol

Plant material and Genomic DNA isolation
All the Arka series of lines were obtained from IIHR, Bengaluru, India. PKM1 was obtained from TNAU, Coimbatore, Tamil Nadu, India. Nine tomato cultivars Arka Abha (BWR-1), Arka Ahuti (Sel-11), Arka Alok (BWR-5), Arka Ashish, Arka Meghali, Arka Saurabh, Arka Vikas (Sel-22), Arka Vikas_Vir and PKM1 were cultivated in the field of AgriGenome Labs Pvt. Ltd. at Hyderabad, India. 3 weeks old plants juvenile leaves were collected, and genomic DNA was isolated using the DNeasy Plant Mini Kit (Qiagen, Hilden, Germany), and quantitated using Eppendorf (BioSpectrometer fluorescence, Germany), Qubit fluorometer (Life Technologies, Carlsbad, CA, USA) and agarose gel electrophoresis.
Selection of restriction enzymes and adapter design
Mluc1 and Sph1 enzyme pair is capable for producing higher number of fragments in a broad range of plant species (Burns 2017) . Hence same enzyme combination was used to generate higher number of fragments of 9 Tomato cultivars. 1μg genomic DNA of each cultivar was double digested with SphI and MlucI restriction enzymes and incubated at 37°C for [16] [17] [18] [19] [20] hours. Cleaning the unwanted restricted fragments using AMpure XP beads (Beckman Coulter Genomics). Ligation of P1 (Barcoded) and P2 adapters was carried out using T4 DNA ligase. Cleaning the unwanted ligated fragments using AMpure XP beads (Beckman Coulter Genomics). Ligated product was fractionated in 2% SybrSafe agarose gel electrophoresis to check the product size in between 250 -350 bp (Peterson 2012) .
Library preparation and sequencing
Quality and quantity check of ligated sample was performed to increase the concentration of sequencing libraries, PCR amplification (8-12 cycles) was performed by adding Index 1 and Index 2 (8 nt long) for multiplexing using Phusion TM Taq DNA polymerase kit. Products of PCR amplification was analysed in Agilent bioanalyzer to quantify molarity and fragment size distribution (Peterson 2012 ). For each sample, individual libraries were prepared and included in one lane. The sequencing was done based on V4 chemistry on HiSeq4000
platform which uses different library index sequences.
Pre-processing, mapping and variants annotation
The reads were filtered based on presence of specific rad tags, followed by base trimming and adapter trimming. The quality distribution plot was generated using FASTQ and filtered data was aligned to reference tomato genome along with its mitochondria and chloroplast genome obtained from Sol Genomics (vSL3.0) and NCBI respectively, using Bowtie2 (v2.2.2.9) (Langmead 2012) . The variant calling was performed based on the alignment of the samples with the reference genome using SAMtools (v0.18) (Li 2009 ). The variants were filtered based on the read depth and high-quality variants were reported. In addition, polymorphic homozygous markers were identified between the cultivars using inhouse PERL scripts.
Further, functional annotation of the identified variants associated genes was performed using SnpEff (v 3.1) (http://snpeff.sourceforge.net/).
Zygosity, diversity, phylogenetic and kinship analysis
The zygosity analysis, diversity analysis, phylogenetic and kinship analysis, for 9 cultivars were carried out based on the genotype data at read depth 10 with MAF ≥ 0.05. The dendogram was constructed based on the genotype data using similarity matrix generated by NJ module. The degree of kinship among individuals were estimated based on the genotype using VanRaden's method (VanRaden 2008) . Kinship analysis was studied using Centered-IBS matrix using TASSEL5 (v5.2.28) (Bradbury 2007) . Further, functional annotation of the genes associated with individual unique and common variants were identified.
Results and discussion
Samples collections, raw data analysis and alignments 
Identification of polymorphic variants and cultivar specific markers
A total of 3,353 high-quality SNPs/INDELs (read depth (RD) ≥ 10) were found to be present in genic regions across 9 cultivars when compared with nuclear genome (Table 1) Table S1 ).
Identification of SNPs in chloroplast and mitochondrial genome
Total of 7 and 33 SNPs (RD≥ 10) were identified in chloroplast and mitochondrial genome respectively (Supplementary Table S4 
Genetic relationship analysis among tomato cultivars
This analysis predicts 6,957 homozygous polymorphic SNPs between 9 cultivars. Genotyping also mimics out 69,570 data points and 139,140 gametes based on genotyping data at read 
Gene ontology examination of genic region SNPs
The gene ontology (GO) analysis of genic region SNPs was identified and GO terms belongs to biological process, molecular functions and cellular components shown in Figure 3 . 
Functional annotation of missense SNPs associated genes
The missense SNPs associated with the genes were identified (Supplementary Table S1 &S2). Along with unique SNPs to each cultivar with their effects was studied (Figure 4 ).
Seven missense SNPs of Arka Ahuti (Sel-11) associated with 7 genes in which 3 SNPs is unique for this cultivar. Auxin transport protein BIG, TCP transcription factor 4 and Gibberellin receptor GID1A have unique mutation K2704T, L515S and W289C respectively, possibly these mutations, enhancing the essential hormones that regulates growth and development (Murase 2008 , Gil 2001 . A total of 17 and 18 SNPs were found in Arka Vikas 
Functional annotation of INDELs containing genes
The missense INDELs, associated with the genes were identified. The INDELs that are unique to one cultivar were identified (supplementary Table S2 
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